Objectives: The present study was targeted to observe the impact of neuropsychological rehabilitation on activities of daily living (ADL) and community reintegration of patients with traumatic brain injury (TBI). Settings and Participants: Based on purposive sampling technique, ten patients with TBI falling in the age range of 20-40 years and fulfilling the inclusion and exclusion criteria were chosen from All India Institute of Speech and Hearing, Mysuru, India. Design: A quasi-experimental design, i.e., nonequivalent control group design was chosen for the study. Materials and Methods: Patients were assessed on Luria-Nebraska Neuropsychological Battery for Adults, Cognitive Symptoms Checklist, and Community Integration Questionnaire. Patients in experimental group were given neuropsychological rehabilitation for 6 months. Brainwave-R and Talking Pen were used as rehabilitative tools. Results: Patients with TBI have significant neuropsychological deficits observed in memory, visuo-spatial organization, arithmetic, spelling, writing, fine motor coordination, and executive functioning. Neuropsychological deficits have a major impact on ADL and community reintegration. Neuropsychological rehabilitation is effective in rehabilitating neuropsychological deficits, which in turn leads to improvement in ADL and community reintegration. Conclusion: Neuropsychological rehabilitation should be one of the major goals in rehabilitation procedures for patients with TBI in order to bring overall improvement in them.
INTRODUCTION

Traumatic brain injury (TBI) has been defined by the Brain
Injury Association of America [1] as an insult to the brain, not of a degenerative or congenital nature but caused by an external physical force that may produce a diminished or altered state of consciousness, which results in impairment of cognitive abilities or physical functioning. It can also result in the disturbance of behavioral or emotional functioning. These impairments may be either temporary or permanent and cause partial or total disability or psychosocial maladjustment. To the World Health Organization, [2] TBI is a public health issue because it is one of the largest causes of brain injury, resulting in high rates of morbidity and mortality. [3] [4] [5] However, with modern medicine and the progress of techniques for acute treatment of TBI victims, their survival rate is increasing. Consequently, the number of patients who survive with physical and cognitive impairment is growing. [4, 5] Whiteneck et al. [6] reported that approximately 65% of patients with moderate-to-severe TBI report long-term problems with cognitive functioning. Cognitive deficits can impact an individual's ability to perform usual roles at work or homes and thus lead to disability. Selassie et al. [7] found that about 43% of moderate-to-severe TBI patients experience disability in long term, characterized by functional limitations, postinjury symptoms of limit activities, cognitive complaints, and/or mental health problems. In long run, TBI-related cognitive deficits can impair a patient's ability to perform activities of daily living (ADL) such as driving, meal preparation, and handling money. Although TBI can cause sensory and motor deficits, cognitive and behavioral changes persist for long term. [8] In general, cognitive deficits, rather than any residual physical impairment per se, contribute most to the disruption of meaningful life activities for people with TBI. [9] Deficit in problem-solving has been identified as a significant obstacle to the community integration of TBI survivors. [10] Intact problem-solving abilities are necessary to maintain a home, function in the community, or return to work; [11] therefore, deficits in such abilities may prevent individuals with TBI from returning to productive personal and vocational lives. [8] Therefore, in rehabilitation process of patients with TBI, the ultimate aim is their community integration. However, successful community integration is underpinned by the quality, uptake, and success of rehabilitation interventions addressing specific life skills (i.e., memory, communication, and motor and social functioning) that assist individuals to regain participation in the society. [12] To achieve this, neuropsychological rehabilitation (NR) can be a solution and this can be best achieved through a comprehensive/holistic approach to the treatment of cognitive, emotional, and functional impairments and disability. Evidence exists that holistic/integrated rehabilitation that includes both individualized cognitive and psychosocial interpersonal therapies produces the greatest overall improvements in functioning by persons with TBI. [13] This study was thus targeted to rehabilitate neuropsychological deficits of patients with TBI and to see its impact on ADL and community reintegration. Few studies of comprehensive integrated TBI rehabilitation have assessed treatment effectiveness at the level of community integration and social participation. Sander et al., [14] using the Community Integration Questionnaire (CIQ), evaluated treatment effects for 24 persons with TBI who were admitted for comprehensive integrated, postacute rehabilitation (including neuropsychological rehabilitation) within 8 months of injury. They found significant improvements after an average of 4 months of treatment on the CIQ total score and on the three subscales measuring home integration, social integration, and productivity. A subsequent analysis of 71 persons with TBI who participated in this program again showed significant improvements on all of the CIQ subscales. The analysis of clinically significant change for individual participants indicated that 46% of the total sample improved on total CIQ scores from pre-to posttreatment, 49% did not make significant change, and 4% showed clinically significant worsening. Thus, the study aims to investigate the impact of neuropsychological rehabilitation on ADL and community reintegration.
MATERIALS AND METHODS
Sample
Based on a purposive sampling technique, ten right-handed patients with open/closed head injury, aged 20-40 years, of either sex, with a significant neuropsychological deficit and with a minimum gap of 1 year after injury, having as a minimum secondary education and with English as the medium of instruction, were chosen from All India Institute of Speech and Hearing (AIISH), Mysuru, India. Patients with mild brain injury, with any comorbid psychiatric condition, with a history of substance dependence, with severe behavioral problems, and with impairment in expressive speech, hearing, vision, or physical amputation after injury, were excluded from the study. Patients under medication pertaining to brain injury were also excluded from the study. The informed consent of the patient and guardian was taken before the intervention process. Based on patient convenience, they were divided into an experimental and control group. Patients in the control group were wait listed and were called for therapy after 6 months of research completion. The human data included in this study were obtained in compliance with the Helsinki declaration.
Screening tools
1. Sociodemographic and clinical data sheet: A semi-structured pro forma was prepared for the study covering all areas of sociodemographic details such as age, sex, domicile, education, employment, and marital status and questions related to comorbid psychiatric disorder, hearing or visual impairment, or severe physical illness in the near past 2. Handedness scale: [15] Based on this scale, dominant hemisphere is ascertained. It has five items. The participants are asked to indicate their preference of hand in certain daily activity tasks 3. Brief Psychiatric Rating Scale (BPRS): [16] It is an 18-item scale measuring positive symptoms, general psychopathology, and affective symptoms. Each item is rated on a 7-point rating scale and accordingly the severity of psychopathology is ascertained. Rating up till 3 indicates nonpathological intensity of symptoms and 4-7 indicates pathological severity of symptoms 4. Head Injury Behaviour Scale (HIBS): [17] It is a 4-point rating scale which assesses the behavioral excess and behavioral deficits after brain injury. It is both a self-administered rating scale and can be administered by the family members or the relatives 5. Glasgow Coma Scale (GCS): [18] This test is used to assess the severity of TBI. It assesses the performance of the patient in three areas, i.e., eye opening, best motor response, and verbal response. The minimum response of the scale is 3 and the maximum response is 15. The score of 8 or less indicates severe head injury, score of 9-12 indicates moderate brain injury, and 12-15 indicates mild head injury.
Assessment tools 6. Luria-Nebraska Neuropsychological Battery for
Adults-Form I (LNNB-A): [19] The battery, developed in 1981 by Charles Golden, is appropriate for people aged 13 [20] CSC is a tool to assist in the identification and treatment of problems in five basic cognitive areas: attention and concentration, memory, visual processes, language, and executive functions. Each area of the checklist contains items which reflect day-to-day situations hindered by simultaneous cognitive functions 8. CIQ: [21] CIQ is a brief test to assess the degree to which an individual after TBI can perform appropriate roles within the home and community. The CIQ assesses disability in three domains: home integration (active participation in the operation of the home or household), social integration (participation in social activities outside the home), and productivity (regular performance of work, school, and/or volunteer activities). The maximum possible score is 29, which reflects complete community integration. Therapy tools 9. Brainwave-R -cognitive strategies and techniques for brain injury rehabilitation: [22] This series has been designed to assist in the cognitive rehabilitation of individuals with brain injuries. It consists of a large array of exercises (mainly pen and paper based), which are organized into five modules, i.e., attention, visual processing, information processing, memory, and executive functions. The five Brainwave-R modules are hierarchically presented according to Luria's [23] theory of brain function, which suggested that complex behavioral processes are distributed throughout the brain in functional systems. The purpose of each module can be summarized as follows: 1. Attention -this module aims to develop focused, sustained, selective, and alternating attention skills in order to optimize arousal and alertness levels 2. Visual processing -this module aims to develop more accurate saccadic eye movements, visual scanning skills, visual attention, figure-ground discrimination, pattern recognition, visual memory, and the ability to mentally manipulate visual information. It also reinforces the exercises on attention completed in the previous module 3. Information processing -this module is divided into two sections. Part 1 aims to develop ordered, sequenced thinking skills. Part 2 aims to develop the ability to work more quickly, under time constraints and with more complex information 4. Memory -this module has been designed to teach the client about memory processes and emphasizes the use of strategies to compensate for memory problems 5. Executive functions -this module also has been divided into two sections. Part 1 teaches the client about executive functions and strategies that can be used to compensate for deficits in this area. Part 2 provides a choice of projects for the client to organize, plan, and execute using the strategies taught in Part 1. 10. The Talking Pen: [24] Talking Pen is an instrument for developing fine motor skills through pattern tracing. It is most often used to diagnose and develop gross and fine motor skills, hand-eye coordination, laterality, directionality, auditory perception, form perception, ocular pursuits, and spatial relationships.
Research design
A quasi-experimental design, i.e. nonequivalent control group design was chosen for the study.
Procedure
Patients with TBI were identified from AIISH OPD and were initially screened using sociodemographic data sheet, Handedness scale, BPRS, GCS, and HIBS. Patients fulfilling the inclusion and exclusion criteria were assessed on LNNB-A. Once the pretest was conducted, they were either allotted to the experimental group or the control group. Patients were explained the relevance and need of the study and were asked to sign the consent form (the entire research was completed in accordance with the Helsinki declaration). Therapy was carried out on an individual basis for 6 months. Target areas and the number of therapy sessions varied with every month. A co-therapist from among the family member was also chosen who could guide the patient in carrying out homework at home. Various intervention strategies were used from Brainwave-R and Talking Pen to remediate the patients' neuropsychological deficits. The process involved in therapy is described below:
• 1 st month -target areas: attention, visual processing, and fine motor co-ordination activities will be introduced • Therapy sessions -45-min session for 5 days in a week with homework for the remaining 2 days • 2 nd month -target areas: Memory training will be introduced (revision of attention, visual processing, and fine motor co-ordination activities)
• Therapy sessions -45-min session for 4 days in a week with homework for the remaining 3 days.
• 3 rd month -Target areas: information processing activities will be introduced (revision of memory and fine motor co-ordination activities)
• Therapy sessions -45-min session for 3 days in a week with homework for the remaining 4 days • 4 th month -target areas: executive functioning activities will be introduced (revision of information processing and fine motor co-ordination activities)
• Therapy sessions -45-min session for 3 days in a week with homework for the remaining 4 days • 5 th month -target areas: revision of information processing and executive functioning activities • Therapy sessions -45-min session for 2 days in a week with homework for the remaining 5 days • 6 th month -target areas: revision of executive functioning activities (patient's participation in community activity will be encouraged)
• Therapy sessions -45-min session for 1 day in a week with homework for the remaining 6 days.
RESULTS
The results of the study are discussed below. On LNNB-A, based on the age and education level of each patient, a "critical level" was calculated, this acts as the cutoff score for the patient. All the scores above this critical level are deficit areas and scores which lie below it are areas which are intact. speech subscales. Table 2 highlights the percentage of patients with TBI above and below the critical level on factor scale. Results reveal that TBI survivors had difficulty in fine motor speed, visual acuity and naming, visual spatial organization, reading complex material and spelling, verbal memory, complex and visual memory, and simple and complex arithmetic. The results also reveal that most of the patients had intact kinesthetic-based movement, drawing speed, spatial-based movements, oral motor skills, tactile sensation, and have no symptoms of stereognosis. In addition, there was no deficit observed in phonemic discrimination, concept recognition, verbal spatial relations, word repetition, and reading simple and complex materials. In arithmetic skills, they are fair in number reading and had intact general verbal intelligence.
The results of CSC are described below . The checklist was used to identify the ADL affected by various cognitive deficits, i.e., attention, memory, visual processing, executive functions, and language. In visual processing checklist, not much deficit was observed.
The results reveal that patients with TBI have difficulty in ADL which requires quick scanning of visual space; they also have difficulty in visual discrimination, differentiating between figure and background, and understanding the spatial relationship between two objects.
In comparison to other areas, it is found that patients have reported more deficits in ADL related to executive functioning. The results reveal that patients with TBI have difficulty in executing the tasks effectively. They have difficulty in initiating the task, and once initiated, they are unable to process the tasks quickly, and further organizing, planning, and reasoning any situation are difficult for the patients.
Finally, in language checklist, it was found that TBI survivors have difficulty in reception and expression of information in both verbal and written forms. If we analyze properly, it is apparent that TBI survivors have more problem in executing their language. Table 8 highlights the results of CIQ. The mean scores of subscales reveal that after TBI all the survivors (both experimental and control groups) had difficulty in integrating back to community. Maximum deficit was observed in integrating back to job (subscale productivity), this was followed by difficulty in social integration. In comparison to other two areas, home integration of patients was comparatively better. The table also reveals that before the intervention there was no significant difference between experimental and control groups and patients of both the groups were experiencing the same amount of deficit in all the three subscales of CIQ. Before analyzing the effect of NR on experimental and control groups, it is important to compare the groups before the intervention. The results assessed through Mann-Whitney U test reveal that before the intervention, two groups were similar to each other on all the clinical scales. Patients of both the groups had similar type of deficit and were matched to each other. Subscales such as rhythm (c2), tactile (c3), and receptive speech (c5) are excluded from the table as there was no major deficit observed in these three subscales. It is clear from Table 9 that before the intervention there was no significant difference between the two groups. However, between-group analysis conducted after the intervention revealed that there was significant improvement in visual, expressive speech, arithmetic, memory, and intelligence scales, but there was no statistical difference in reading, writing, and motor scales.
Similarly, both the groups were compared on factor scale; the comparison was made for those areas which were impaired in patients. Out of 28 factors, 11 scales were mainly deficient in patients of both the groups. Therefore, comparison was made for only these 11 scales. The results [Table 10 ] revealed that before the intervention there was no significant difference between both the groups on all the 11 scales. Between-group analysis of factor scale revealed that after the intervention, two groups were significantly different in visual acuity and naming, arithmetic, verbal memory, visual and complex memory, and simple verbal arithmetic [ Table 10 ]. However, there was no group difference in fine motor speed, visual spatial organization, spelling, motor writing skills, and reading of complex material and complex arithmetic skills. As it is visible that there was no group difference in some of the factor scales of LNNB-A, in order to reach to any appropriate conclusion, within-group comparison was carried out using Wilcoxon signed-rank test in which each patient's score is compared individually at pre-and posttest levels, and it was found that some of the subscales which revealed no significant improvement at group level had shown significant improvement at individual level. The results reveal that there was significant improvement in subscales such as fine motor coordination (Z = 2.032; P < 0.05), visuo-spatial organization (2.070; P < 0.05), and spelling (2.032; P < 0.05), when assessed using Wilcoxon signed-rank test. Table 11 reveals the effect of NR on ADL as assessed through CSC. The results reveal that in experimental group there was significant improvement in all the subscales of CSC, i.e., attention, memory, visual processing, executive functioning, and language after NR. In control group, it was found that across time span, there was significant improvement in attention and language of patients without any interventional procedures; however, the amount of improvement was comparatively less than that experienced by patients of experimental group. that before the intervention, both the groups had the same amount of deficit in community integration [ Table 8 ]. However, in posttest, it was found that after intervention, there was significant integration of patients back to their community, i.e., their home, society, and work. In contrast, there was no improvement found in control group after 6 months of gap as suggested by their mean rank.
DISCUSSION
The study reveals that there were major neuropsychological deficits in patients with TBI as deciphered through Contd.... deficits are a sort of invisible injury, their impact is clear in day-to-day skills. The results of the study reveal that patients with TBI have difficulty in daily skills which require cognitive competence. In consistent to the above findings, Kaplan and Corrigan [25] have also found cognitive functions and motivation as strong predictors of functional outcome in terms of ADL. Kathleen et al. [26] found that cognitive impairment can result in significant impairment in all aspects of clients' life, i.e., self-care, independent living skills, work, leisure, and social and interpersonal skills. Researchers have reported that cognitive impairment was a major reason for dressing difficulties in patients with acquired brain injury in acute phase. [27, 28] The level of orientation influences basic ADL, instrumental ADL, and social activities in acute as well as chronic patients with acquired brain injury. [29] In a study conducted by Mokashi [30] to find correlation between cognition and ADL in patients with acquired brain injury, it was found that there was a positive correlation between cognition and ADL with significance of P < 0.01. Table 11 further reveals improvements in experimental group in various tasks of CSC; however, there was no significant improvement in control group on various tasks. Improvement in various tasks of CSC can be directly associated with NR as there was significant improvement in experimental group in various areas of LNNB-A [ Tables 9 and 10 ]. These results are consistent with the findings of Ho and Bennett [31] who found that after cognitive rehabilitation there was significant improvement in cognition and functional performance as indicated by ratings on the behavioral rating scales, i.e., individuals who participated in rehabilitation treatment showed a significant improvement in their ADL and cognitive functioning on selected neuropsychological tests. Similarly, an ECRI Institute [32] evidence report evaluated the efficacy of cognitive rehabilitation (CR) therapy for the treatment of mild, moderate, or severe TBI and its impact on ADL. The analysis included twenty published articles from 18 randomized controlled trials (n = 1088). It was found that adults with TBI who received comprehensive, holistic CR reported significant improvement on the measures of quality of life and ADL, compared to patients who received a less intensive form of therapy.
In contrast to the above findings, there are studies which reported noneffectiveness of NR on ADL. Hoffmann et al. [32] conducted a systematic review to determine whether interventions for cognitive impairment following acquired brain injury may improve functional performance of basic and/or instrumental ADL. Four studies with 376 participants were included in the review. There was no statistical difference between groups in basic ADL performance in any of the four studies, or in instrumental ADL. It is thus evident that there exists contradictory evidence in support of effectiveness of NR in improving ADL. However, the current study supports the view that NR improves ADL of patients with TBI.
The current study also found that, after TBI, patients had difficulty in integrating back to community life [ Table 8 ]. CIQ reveals that patients with TBI had maximum impairment in their productivity, i.e., work and in their social life. Home integration was also affected, but it was comparatively better than the other two areas. There were slight variations in the present result as reported by Zhang et al. [34] and Gontkovsky et al., [35] they found that patients with TBI had maximum impairment in productivity followed by home integration and finally social integration. This inconsistency in finding can be the result of cultural variations. If we analyze the items of subsection home integration, it contains items which involve cooking and taking care of children; however, in Indian culture, males are not supposed to carry out these activities at home and they are more involved in social activities. Carrying out household activities is the job of females of the family. This is the reason that patients have lesser problem in integrating in their home and more problems in social integration. However, there is no doubt that TBI survivors have problems in integrating back to work. It decreases their probability of employment after injury, lengthens the timing of their return to work as full time professional, and decreases the likelihood that they will return to the same position. [36] They also avoid participating in any volunteer activity. Social isolation is the next profound life change for persons with TBI; it leads to deterioration in their ability to maintain friendships/form new social relationships [37] and enjoy leisure time or perform public activity such as paying the bill. The study also indicates that impairment in community integration persists years after injury. In the current study, the minimum time gap since injury was 1 year and maximum was 3 years, but all the patients had the same amount of deficit in reintegrating back to community, indicating that there is no major improvement in community reintegration in patients with TBI (when not exposed to any intervention). This is consistent with the findings of Willemse-van Son et al., [38] they found that several domains of CIQ had shown small improvements between years 1 and 3 postinjury, but the improvements seen were transient and nonsustained at 36 months after injury. In addition, most domains never reached back to their preinjury levels.
The results of the present study also reveal that after NR there was significant improvement in community reintegration of patients with TBI [ Table 8 ]. The role of NR in work-related activity is obvious as cognition is very important for any work, the person should attend the stimuli, retain the information in his/her mind, plan it, organize it, and finally execute the task. If any one of the tasks is missing, the job remains incomplete. It is justifiable to understand the role of NR in productivity subscale. [39, 40] Once the person is able to work properly, it improves the self-confidence and self-esteem of the person which in turn motivates him/her to mingle and interact with people around and therefore improves social reintegration of patients with TBI. Improvement in cognition improves judgment, decision-making, and role understanding, and thus helps in home integration of patients with TBI. Improvement in community integration after comprehensive neuropsychological/cognitive rehabilitation is consistent with the study of Cicerone et al. [41] and Malec. [42] Similarly, Sander et al. [15] using the CIQ, evaluated treatment effects for 24 persons with TBI who were admitted for comprehensive integrated, postacute rehabilitation within 8 months of injury. They found significant improvements after an average of 4 months of treatment on the CIQ total score and on the three subscales measuring home integration, social integration, and productivity.
CONCLUSION
The study thus clearly indicates that neuropsychological deficits have an impact on ADL and community reintegration of patients with TBI, and NR is effective in improving neuropsychological deficits of patients with TBI which in turn improves the ADL and community reintegration of patients with TBI. It can thus be concluded that NR should be incorporated in rehabilitation goals of patients with TBI so that these patients can achieve all-round improvement, and an attempt is made to help patients to reach to their premorbid level. The study has to be, however, extended to larger sample size and maintenance effect of NR has to be evaluated. The effects of co-existing factors such as anxiety and depression were also not controlled in the study.
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